This study investigated the in vivo and in vitro antiparasitic effects of the essential oil of Lippia alba and the bloodrelated and histopathological alterations that it causes in Colossoma macropomum. In the in vitro trial, the anthelminthic effects of 160, 320, 640, 1280 and 2560 mg/L of the essential oil were tested against monogenoideans (Anacanthorus spathulatus, Notozothecium janauachensis and Mymarothecium boegeri) of the gills of this fish, which are its natural parasites. The concentrations of 1280 mg/L and 2560 mg/L showed 100% efficacy after 20 min of exposure to the essential oil, while at lower concentrations this efficacy against the gill monogenoideans only occurred after 2-3 h of in vitro exposure. However, in the controls, mortality of all of these monogenoideans only occurred after 9 h. A total of 240 fry were distributed into four treatments (20 fish per repetition) and three repetitions were used in the in vivo trial for baths with 100 and 150 mg/L of the essential oil of L. alba, for 30 min. The efficacy in this trial against Ichthyophthirius multifiliis in fish exposed to 100 and 150 mg/L of the essential oil was 40.7% and 50.3%, respectively. However, for monogenoideans, there was efficacy of 14.0% only in the fish exposed to 100 mg/L of the essential oil used. Moreover, the fish exposed to these concentrations of the essential oil presented increased plasma glucose levels, thus denoting signs of stress. Severe lesions such as hyperplasia, fusion of the lamellar epithelium, capillary dilatation, epithelial detachment, lamellar aneurysm, epithelial rupture with hemorrhage, congestion, edema, necrosis, mucous cell proliferation, chloride cells and lamellar hypertrophy were observed in the gills of the fish exposed to 100 and 150 mg/L of the essential oil of L. alba. Alterations to total protein levels, hemoglobin, hematocrit, red blood cell number, thrombocytes number, white blood cell number, lymphocytes, eosinophils and blood neutrophil number was also observed in these fish. The essential oil of L. alba showed great potential for antiparasitic treatment, given that it had high in vitro efficacy against monogenoideans and in vivo efficacy against the protozoon I. multifiliis. Because of the low concentrations of the essential oil (100 and 150 mg/L) that were tolerated by the fish and thus could be used in the therapeutic baths, the efficacy against monogenoideans was low. This indicates that there is a need for additional strategies for using this essential oil in antiparasitic treatments, since the concentrations that eliminate these ectoparasites are toxic for the hosts. Lastly, this was the first study on the antiparasitic activity of L. alba. Statement of Relevance The manuscript entitled "Antiparasitic activity of the essential oil of Lippia alba on ectoparasites of Colossoma macropomum (tambaqui) and its physiological and histopathological effects", represents original article on use of the essential oil of Lippia alba on ectoparasites of tambaqui, an important finfish of Amazon region. This manuscript includes treatment in vitro against monogeneans, and in vivo against protozoans and monogeneans, besides histopathological and hematological features of the fish exposed to different concentrations of L. alba, a medical plant from South and Central America.
Introduction
Phytotherapy has become an important alternative in treatments for parasitic diseases, given the secondary effects that are attributed to Aquaculture 452 (2016) [107] [108] [109] [110] [111] [112] [113] [114] synthetic drugs. Medicinal plants may contain one or more chemical compounds with potential for therapeutic use. Lippia alba (Mill.) Brown (Verbenaceae) is a small aromatic bush that is widespread in many regions of the world, such as Brazil, Bangladesh, India, Mexico, Paraguay, Uruguay, northern Argentina, southern United States and Australia.
Because of the great bioactive potential of L. alba, with analgesic, anti-inflammatory, sedative and anti-spasmodic effects, it is greatly used in traditional medicine (Mamun-Or-Rashid et al., 2013; Tavares et al., 2011) . Studies have proven that the essential oil of L. alba and its constituents have the following types of activity: antibacterial, antifungal and antiprotozoal (Fabri et al., 2011; Nogueira et al., 2007; Oliveira et al., 2006) , antiparasitic (Escobar et al., 2010) and anti-inflammatory (Haldar et al., 2012) . In fish subjected to transportation, the essential oil of L. alba has been shown to have anesthetic action and to reduce the levels of oxidative stress (Azambuja et al., 2011 , Cunha et al., 2010 . These bioactive properties of the essential oil of L. alba are attributed to the richness of its major chemical constituents, such as geranial, carvone, neral, linalool and limonene. Recently, use of natural products derived from plants, for controlling parasites, has received great attention (Boijink et al., 2015; Hashimoto et al., 2016; Huang et al., 2013; Ji et al., 2012; Steverding et al., 2005; Xiao-Feng et al., 2014; Zhang et al., 2013; Zhang et al., 2014; Zheng et al., 2015) . However, the effects of the essential oil of L. alba on ectoparasites of fish have not been investigated.
Colossoma macropomum Cuvier, 1818, commonly maned tambaqui, is a member of the family Serassalmidae living in the Amazon region and is widely farmed in different intensive systems because of its good adaptation to balanced feed and relatively unspecialized characteristics. However, with increasing production of this Amazonian fish, parasitic diseases caused by ectoparasites, protozoa Ichthyophthirius multifiliis Fouquet, 1876; monogenoideans Anacanthorus spathulatus; Notozothecium janauachensis, Mymarothecium boegeri Cohen & Kohn and Linguadactyloides brinkmanni have emerged and affected its farming, thus giving rise to economic losses due to epizooties (Boijink et al., 2015; Pinheiro et al., 2015) . These problems require a constant monitoring in order to diagnose and adequately treat the parasitic diseases, and this is a challenge in relation to intensive farming of tambaquis. However, the substances used for controlling these parasites are chemotherapeutic products that are generally toxic to fish and may also cause damage to human health and to the environment (Pinheiro et al., 2015) . Use of natural products with therapeutic properties, such as the essential oil of L. alba, may provide a solution for controlling these parasites in fish.
Thus, studies to test their efficacy, which has not yet been investigated, are required. This present study had the aim to investigate the in vivo and in vitro antiparasitic effects of the essential oil of L. alba and the blood-related and histopathological alterations that it causes in the gills of tambaqui (C. macropomum).
Materials and methods

Obtainment of essential oil of L. alba and its chemical composition
The plants were cultivated and the essential oil was extracted in the Medicinal Plants and Vegetables Sector of Embrapa Western Amazon, in Manaus, state of Amazonas (Brazil). The essential oil was extracted from the leaves and inflorescences of L. alba (three years of age) through hydrodistillation in Clevenger apparatus. The chemical analysis on the essential oils was done by means of gas chromatography with mass spectrometry and details can be found in Hashimoto et al. (2016) . The chemical components of the essential oil of L. alba used in this study are shown in Table 1 .
Fish and acclimation
The experiments were conducted at the Aquaculture and Fishery Laboratory of Embrapa Amapá, Macapá, state of Amapá (Brazil). Fry of C. macropomum were obtained from commercial fish farms for in vitro and in vivo trials. These fish were acclimated for seven days in 500 L water tanks and were fed with fish food containing 32% crude protein.
A system of constant water recirculation was maintained in the tanks and the water parameters were monitored. The mean values were: temperature 30.4 ± 0.1°C; dissolved oxygen 5.5 ± 0.2 mg/L; pH 5.3 ± 0.2; ammonium 0.5 ± 0.2 mg/L; alkalinity 10.0 ± 0 mg/L; and hardness 10.0 ± 0 mg/L. The organic matter that accumulated at the bottoms of the tanks was removed once a day. This study was developed in accordance with the principles adopted by the Brazilian College of Animal Experimentation (COBEA).
2.3. In vitro trial using essential oil of L. alba and monogenoideans of C. macropomum
To evaluate the length of exposure to and concentrations of the essential oil of L. alba that caused mortality among monogenoideans species in the gills of 20 fish (12.0 ± 3.0 cm and 35.0 ± 25.0 g), in vitro tests were conducted. For this trial, two control groups were used: one with tank water and the other with tank water plus absolute ethyl alcohol; and five different concentrations of the essential oil of L. alba (160, 320, 640, 1280 and 2560 mg/L), using three repetitions for each treatment. This solvent was used in the proportions of 1/10.
Fish gill arches that were naturally parasitized by monogenoideans were removed and placed individually in Petri dishes, in which they were immersed in solutions of the essential oil of L. alba (160, 320, 640, 1280 or 2560 mg/L). Using a stereomicroscope, fields of view containing a minimum of 20 monogenoideans were selected for each repetition. After the gill arches had been immersed in different concentrations of the essential oil of L. alba, these were viewed every 10 min to quantify the numbers of live and dead monogenoideans. Parasites were considered to be dead if they detached from the tissue or, while still attached, had totally lost their mobility (Hashimoto et al., 2016) . Following this, the efficacy of each treatment was calculated (Zhang et al., 2014) .
From the in vitro results, the concentrations used in the therapeutic baths with the essential oil of L. alba were determined, after conducting a tolerance test on the fish. 2.4. In vivo trial on C. macropomum Naturally parasitized fry (11.0 ± 1.0 cm and 44.0 ± 10.0 g), obtained of a fish farm, were distributed randomly into twelve 100 L tanks and were kept in an open water system for 48 h. For this trial, four treatments and three repetitions were used, with 20 fish per repetition, and the fish were maintained in a static water system (mean temperature 29.3 ± 0.1°C; dissolved oxygen 6.3 ± 0.06 mg/L; pH 5.2 ± 0.09; ammonia 0.3 ± 0.12 mg/L; alkalinity 10.0 ± 0 mg/L; and hardness 10.0 ± 0 mg/L), using a multiparameter portable Hanna HI9829®. The treatments were as follows: control groups with tank water or with tank water plus absolute ethyl alcohol (1/10); the solvent used for dilution of the essential oil; and 100 and 150 mg/L of the essential oil of L. alba. The fish of all the treatments were exposed to the essential oil of L. alba for 30 min, except for those in the control groups. After the 30-min bath, the tank water was kept under continuous flow. Ten fish from each repetition of the different treatments were used for collection of the gills, which were then fixed in 5% formalin in order to collect, quantify and identify the parasites. The parasites were prepared for identification using previous recommendations (Eiras et al., 2006) and identified according to Cohen et al. (2013) . After the parasites had been quantified, the prevalence and mean intensity of infection were calculated (Bush et al., 1997) . The efficacy of each treatment was also calculated (Zhang et al., 2014) . The other fish sample was used for the blood tests and histopathological analyses.
The in vitro concentrations that were previously tested showed that the fish had low tolerance to the essential oil of L. alba. Therefore, only the concentrations of 100 and 150 mg/L could be used in the therapeutic baths.
Analysis procedures on the blood parameters of C. macropomum
After the 30-min therapeutic baths with 0, 100 and 150 mg/L of the essential oil of L. alba had been conducted, five fish from each repetition (15 fish per treatment) were used for blood collection. From each of these fish, a blood sample was collected by means of puncturing the caudal vessel, using syringes containing ethylenediamine tetraacetic acid (EDTA 10%), and these samples were divided into two aliquots. One aliquot was used to determine the red blood cell (RBC) counts in a hemocytometer, hematocrit using the microhematocrit method and hemoglobin concentration using the cyanmethemoglobin method. These data were used to calculate the Wintrobe hematimetric indices: mean corpuscular volume (MCV) and mean corpuscular hemoglobin concentration (MCHC). Blood extensions were prepared and stained panchromatically using a May-Grünwald-Giemsa-Wright combination (Ranzani-Paiva et al., 2013) in order to make differential white blood cell counts in up to 200 cells of interest in each extension. The white blood cell populations were identified and named in accordance with the recommendations of Tavares-Dias et al. (1999) . The extensions were also used to count the total numbers of total white blood cells (WBC) and total thrombocytes (Ranzani-Paiva et al., 2013) .
The second aliquot of the blood samples was centrifuged at 75 g, in order to obtain plasma and analyze the total plasma glucose and protein levels. The glucose concentration was determined by means of the glucose oxidase enzymatic-colorimetric method, using a commercial kit (Biotécnica, MG, Brazil). The total plasma protein concentration was determined by means of the biuret method, using a commercial kit (Biotécnica, MG, Brazil) . For both of these biochemical analyses, the readings were made using a spectrophotometer Biospectro SP-220®.
Histopathological analysis procedures on the gills of C. macropomum
After the 30-min therapeutic baths using 0, 100 and 150 mg/L of the essential oil of L. alba had been conducted, six fish per treatment (two fish from each repetition) were used to collect gill arches for histopathological analyses. 24 h after these therapeutic baths, another six fish per treatment (two fish from each repetition) were used to collect gill arches for histopathological analyses (recovery). These fish that were used in relation to recovery had been kept in the tanks with a continuous water flow and had been fed.
The first right-side gill arch from each fish was collected and fixed in buffered formalin (10%), for histopathological analyses. The gill arches were dehydrated through a graded series ethanol and xylol baths and were then embedded in paraffin in order to obtain consecutive serial sections using a microtome. The histological sections were stained with hematoxylin and eosin (HE) and were analyzed under an ordinary optical microscope.
The histopathological analysis was performed semiquantitatively using the mean assessment values (MAV) (Schwaiger et al., 1997) and the histopathological alteration index (HAI) (Poleksic and MitrovicTutundzic, 1994 ).
Statistical analysis
All the data were initially assessed with regard to the assumptions of normal distribution and homoscedasticity, using the Shapiro-Wilk and Bartlett tests, respectively. For the data with normal distribution, analysis of variance (ANOVA) was used, followed by the Dunn test, to make comparisons between the means. For the data that did not follow this distribution pattern, the Kruskal-Wallis test was used, followed by the Tukey test, to make comparisons between the medians (p b 0.05).
Results
In vitro antiparasitic action of the essential oil of L. alba
In the in vitro tests, the essential oil of L. alba was shown to have 100% anthelmintic activity against the monogenoideans A. spathulatus, N. janauachensis and M. boegeri on the gills of C. macropomum, after 20 min of exposure at the concentrations of 1280 mg/L and 2560 mg/L, i.e. the time at which the parasites were seen to have become immobilized. At the concentrations of 320 and 640 mg/L, total immobilization of the parasites only occurred after 2 h of in vitro exposure. At the lowest concentration (160 mg/L), this occurred after 3 h of exposure. In comparison, the beginning of mortality among the monogenoideans of water + alcohol control was observed after 2 h, while in water control group, this occurred after 6 h of exposure. Total immobilization of the parasites in these two control groups occurred after 9 h (Table 2 and Fig. 1 ).
In vivo antiparasitic action (therapeutic baths)
The gills of all the fish exposed to the essential oil of L. alba were naturally parasitized by I. multifiliis, A. spathulatus, M. boegeri and N. janauachensis, with variations in abundance between the different treatments. After the 30-min therapeutic baths, the concentrations of 100 and 150 mg/L of the essential oil of L. alba were found to have reduced the abundance (p b 0.001) of I. multifiliis, but the lower concentration had an effect on the abundance of these three species of monogenoideans. However, the water + alcohol group also had efficacy of 29.1% on the abundance of these ectoparasites (Table 3) .
In the therapeutic baths, the fish presented static behavior, such that they remained submersed at the bottom of the tanks, thus making it impossible to use baths of more than 30 min. However, the fish in the control groups, which were exposed to water or to water + alcohol, did not present this behavior. With the return of the continuous water flow in the tanks, in order to eliminate the essential oil, the fish that had been exposed to this oil rapidly resumed swimming. There was no mortality either during or after the experiment.
Effects of therapeutic baths with L. alba on blood parameters
Thirty-min baths with 100 or 150 mg/L of the essential oil of L. alba increased the plasma glucose levels of C. macropomum, including in group tested with water + alcohol. The total protein levels only increased (p b 0.05) in the fish exposed to 150 mg/L. The hemoglobin, hematocrit and total RBC number were similar (p N 0.05) in the two control groups with water and water + alcohol, but the hemoglobin level in group fish with water + alcohol was greater than the levels in the two groups exposed to the essential oil of L. alba. However, the hematocrit and RBC number in fish exposed to 100 and 150 mg/L were lower (p b 0.05) than observed in fish exposed only to water, while the MCHC and thrombocytes number were higher. WBC, lymphocyte and eosinophil number were lower (p b 0.05) than in both control groups, while there was a higher neutrophil level (p b 0.05) in the group exposed to 150 mg/L of the essential oil of L. alba (Table 4) .
Histopathological effects on the gills after therapeutic baths with L. alba
In the gills of C. macropomum, after the 30-min therapeutic baths, there was no difference in MAV between any of the treatments and the controls with water and water + alcohol. However, after this bath there were changes in feeding behavior of the fish, because only some fish eat. In addition, after 24 h of recovery, there were increases in values of fish exposed to water + alcohol and in the groups exposed to 100 or 150 mg/L of the essential oil of L. alba. After the 30-min bath, increased HAI values (p b 0.05) in fish exposed to 100 or 150 mg/L of the essential oil of L. alba were found when compared to the fish exposed only to water. Similarly, after 24 h of recovery, increased HAI values (p b 0.05) in fish exposed to 100 or 150 mg/L of the essential oil of L. alba in those exposed to water + alcohol were observed compared to fish exposed only to water (Table 5 ). These changes in MAV and HAI were due to severe damage in gills of the fish exposed to the essential oil of L. alba, such as hyperplasia, fusion of the lamellar epithelium, capillary dilatation, detachment of the lamellar epithelium, lamellar aneurysm, epithelial rupture with hemorrhage, congestion, edema and necrosis (Fig. 2) , along with proliferation of mucous cells and chloride cells and lamellar hypertrophy occurred in lower frequency.
Discussion
Fish farming is an important economic activity in Brazil, and it has increased considerably over the last decade. However, low environmental quality has given rise to high losses for this industry that have not yet been quantified, due to diseases in fish caused by monogenean and protozoan ectoparasites (Boijink et al., 2015; Hashimoto et al., 2016; Martins et al., 2002; Pinheiro et al., 2015) . The main strategies for controlling and treating these ectoparasites generally involve chemotherapy, but its constant and erroneous use has led to reduced antiparasitic effectiveness. In addition, the chemical products involved cause death among fish because of their toxicity (Boijink et al., 2015; Steverding et al., 2005; Zhang et al., 2013; Zhang et al., 2014) . Thus, many researchers' attention has been drawn towards seeking natural Table 3 Prevalence (P%) and mean abundance (MA) of the gill parasites in Colossoma macropomum exposed to the essential oil of Lippia alba. antiparasitic products (Boijink et al., 2015; Hashimoto et al., 2016; Huang et al., 2013; Ji et al., 2012; Steverding et al., 2005; Xiao-Feng et al., 2014; Zhang et al., 2013; Zhang et al., 2014; Zheng et al., 2015) , since these could form an alternative to chemotherapeutic products. In the in vitro trial of the present study, 100% mortality of A. spathulatus, M. boegeri and N. janauachensis exposed to 160 mg/L of the essential oil of L. alba (the lowest concentration used), occurred within 3 h of the exposure, while this only occurred among the parasites exposed to water or water + alcohol (controls) after 9 h. Moreover, among the parasites exposed to 1289 and 2560 mg/L (which were the highest concentrations of the essential oil of L. alba used), 100% mortality occurred within 1 h. On the other hand, Hashimoto et al. (2016) reported that 160 mg/L of the essential oil of Lippia sidoides caused complete in vitro mortality of Cichlidogyrus tilapiae, Cichlidogyrus thurstonae, Cichlidogyrus halli and Scutogyrus longicornis, from Oreochromis niloticus, within approximately 8 min, while their higher concentration (320 mg/L of the essential oil) caused 100% mortality within 2 min. These authors also found that complete immobilization of these parasites in the groups exposed to water or water + DMSO occurred over a period of more than 4 h. Therefore, these results show that there are different responses from different parasites to oils coming from congeneric species of Lippia.
For C. macropomum, all the concentrations of the essential oil of L. alba showed 100% in vitro efficacy against monogenoideans. However, this anthelmintic activity was dose-dependent and therefore, two concentrations of the essential oil of L. alba were tested as therapeutic baths. Likewise, an extract from Euphorbia fischeriana showed 87.3% in vitro efficacy against Dactylogyrus vastator in Carassius auratus (Zhang et al., 2014) . Although medicinal plants or their separate major chemical constituents have the advantage of low toxicity in comparison with chemotherapeutic products (Huang et al., 2013; Zhang et al., 2013; Zheng et al., 2015) , the high concentrations obtained in in vitro trials cannot always be used in antiparasitic control and treatment among fish because of their toxicity (Hashimoto et al., 2016; Ji et al., 2012) .
During therapeutic baths with the essential oil of L. alba, it has been observed that C. macropomum remains static because of the anesthetic effect of this oil (Azambuja et al., 2011; Cunha et al., 2010) . Similar anesthetic effects from eugenol (Boijink et al., 2015) and the essential oil of L. sidoides (Hashimoto et al., 2016) have been reported for C. macropomum and O. niloticus, respectively. Consequently, only two low concentrations of the essential oil of L. alba could be used in the therapeutic baths for the in vitro trials (100 and 150 mg/L), because of the toxicity of this essential oil and its anesthetic effect. However, since no studies evaluating the antiparasitic activity of L. alba have previously been published, the present study provides the first report of this activity for this medicinal plant.
In the in vivo trials on C. macropomum, all the fish specimens in the different treatments presented gills infected with M. boegeri, A. spathulatus, N. janauachensis and I. multifiliis. In the fish exposed to 100 and 150 mg/L of the essential oil of L. alba, for 30 min, the efficacy of the treatment against I. multifiliis was 40.7% and 50.3%, respectively. Bioactive compounds derived from Toddalia asiática have also shown similarly low in vivo efficacy against I. multifiliis, although the in vitro efficacy was 100% (Xiao-Feng et al., 2014) . However, Zheng et al. (2015) demonstrated reductions in the prevalence of I. multifiliis ranging from 27.7% to 100% after exposure of the parasites to bioactive compounds derived from Costus speciosus, while the in vivo efficacy was only 16.7 and 26.7%, for Ctenopharyngodon idella and C. auratus respectively. Moreover, among the fish of the present study exposed to 100 mg/L of the essential oil of L. alba, the efficacy against monogenoideans was low (14.0%). Hashimoto et al. (2016) also found low efficacy (1.9%) for 20 mg/L of the essential oil of L. sidoides against monogenoideans of Nile tilapia. On the other hand, exposure of C. auratus to extracts of Cinnamomum cassia, Lindera aggregata, Pseudolarix kaempferi, Caesalpinia sappan, Lysima chiachristinae, Cuscuta chinensis, Artemisia argyi and Eupatorium fortunei showed 100% efficacy against Dactylogyrus intermedius (Huang et al., 2013; Ji et al., 2012) .
In this study, fish exposed to 100 and 150 mg/L of the essential oil of L. alba for 30 min showed low efficacy against monogenoideans but also Table 5 Mean alteration value (MAV) and histopathological alteration index (HAI) of the gills of Colossoma macropomum exposed to the essential oil of Lippia alba. The same lower-case letter in the same column indicates that there were no differences between the treatments, while upper-case letter in the same column indicates differences between the times, according to the Tukey test (p b 0.05). there were severe structural alterations to the gills, which are organs that participate in respiration, osmoregulation and excretion in fish (Fiuza et al., 2011; Kumar et al., 2010) . Moreover, intense parasitism by monogenoideans and by I. multifiliis was observed in all the treatments, which also influenced the tissue integrity of the gills. In fish exposed to water, the only occurrences were hyperplasia of the epithelium, fusion and rupture of the lamellar epithelium with hemorrhage, and epithelial detachment. These lesions were distributed in a dispersed manner across the gills, such that some areas had more lesions than others and there was no predominance of lesions in any specific area of this organ. Similar alterations have also been described in relations to parasitized specimens of Rachycentron canadum (GuerraSantos et al., 2012) and Piaractus brachypomus (Verján et al., 2001) . However, in the fish exposed to water + alcohol, there were late lesions in the gill epithelium of C. macropomum, seen 24 h after the exposure. However, in fish exposed to the essential oil of L. alba, the severity of the gill lesions was directly proportional to the length of exposure and the concentration of this essential oil. 24 h after the baths, the alterations in the gills were more severe and irreparable among the fish treated with 150 mg/L of the essential oil of L. alba. Therefore, these structural alterations to the gills of C. macropomum were caused by the toxicity of the essential oil of L. alba and were boosted by the diluent of this essential oil. Similar action by different diluents has been described in relation to Heteropneustes fossilis exposed to an extract from Azadirachta indica (Kumar et al., 2010) and in relation to O. niloticus exposed to an extract from Eugenia uniflora (Fiuza et al., 2011) . In C. macropomum, after the baths with the essential oil of L. alba an increase in the plasma glucose levels was observed. This was also seen in fish exposed to water + alcohol, due to stress caused by the alterations in the gills (Barton and Iwama, 1991; Hashimoto et al., 2016) . However, the RBC number and hematocrit percentage decreased because of the lesions in the gills (especially because of hemorrhages), while the MCHC and total thrombocytes number increased because of attempts to return to homeostasis and hemostasis. Similar studies on O. niloticus have also reported increased glucose levels after a 10-min bath with 20 mg/L of the essential oil of L. sidoides, caused by stress. On the other hand, increased RBC number and hematocrit percentage, with reduced total thrombocytes number, has been described (Hashimoto et al., 2016) . Furthermore, in the fish exposed to the essential oil of L. alba, the WBC number decreased because of reductions in the number of lymphocytes and eosinophils, while in the fish exposed to 150 mg/L of the essential oil of L. alba, there was an increase in the neutrophil number, in response to the severity of the alterations to the gills (Ranzani-Paiva et al., 2013) . Similar responses by neutrophil number, which is the organism's first line of defense against infections and tissue lesions (Ranzani-Paiva et al., 2013; Tavares-Dias et al., 1999) , have also been reported for O. niloticus exposed to the essential oil of L. sidoides, but without any alteration to the leukocytes count (Hashimoto et al., 2016) .
In conclusion, the essential oil of L. alba demonstrated in vitro antiparasitic activity against gill parasites of tambaqui, but its in vivo antiparasitic efficacy was relatively boosted by the diluent of this oil, as has also been seen in other studies that used other, different diluents (Hashimoto et al., 2016; Steverding et al., 2005) . Moreover, the essential oil of L. alba caused blood alterations and severe structural alterations to the gills of the fish, which were irreversible 24 h after the exposure. Consequently, the essential oil of L. alba cannot be recommended for antiparasitic control and treatment, except if used in a manner that reduces its toxicity and deleterious effects on the gills of fish. Therefore, since phytotherapeutic products are promising sources of the main bioactive agents that may be useful in relation to fish farming, studies should be conducted in order to investigate the best way of making therapeutic use of this essential oil among fish (e.g. using nanotechnology), as an antiparasitic agent with greater effectiveness and less toxicity.
